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What will be covered:

What beam is going where
' The CERN PS slow extraction

The machine settings -
# Tune and Chromaticity
= Bunch rotation
= Bumps .

# - Extraction septa
- Control and Diagnostics
Ripple compensation (br'lefly)
= Sources of ripple

= Feed forward system using air.quadrupoles

= Channeling buckets

Recent developments

= = =

= =
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What beam IS going where
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R The East Area beam:

Proton beam with an average: momentum of 24 GeV/c
The total intensity ranges from 5*10%° o 4*10
The spill'length is 400ms to 450ms

Horizontal emittance €h = 0.5 7zum (circulating beam)

Horizontal emittance €h =.0.1 7um (extracted beam)
Momentum spread dp/p = 3 *10-3 (before extraction)
Momentum spread dp/p = 1 *10-3 (extracted beam)

W The East Area clients:

1—

5 beam lines for 8 (9) areas:in 1 building

= 4 general purpose beam lines, behind two targets (LHC test
beams)

= 2 physics experiments until end 2002 run (DIRAC & HARP)
m 2 (3) Irradiation facilities (LHC test beams)

R. Steerenberg, 10th ICFA mini workshop on
15 Ocober 2002 Slow Extraction 2002



 The CERN PS Slow Extraction -

&

PS Mainfidd Extracted beam P, = Average momentum, 24GeV/c
: > AE ] e
T start Hofe ; s
N ~— ! : ,
: A : Ap* : P ! % Re g
' ' — =0.1% o :
n n FI) . »i . | | .
' AP— 03y
é) . _ | Y
Q- AE
<.
o
L0
™
L . v L
T end

e
time

R. Steerenberg,
15 Ocober 2002

10th ICFA mini workshop on
Slow Extraction 2002 .




 The P.S. slow extraction lay-out

2 Qu.a.dr'upoles-
3 Sextupoles
2 Bumpers

G R

2 magnetic septa

1 Electrostatic septum
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( Some data on the 3 sep’ra.

¥ Electrostatic septum (thin septum)
.7 0.1 mm thick molybdenum foil.stretched in a fr'ame

# " Operating voltage 160 KV
= Gap = 17 mm

# 1s* Magnetic septum
= 4 mm blade water cooled
+# Single turn coil pulsed up to 10 KA (0.7 T)
#-6ap = 25 mm’
# Contains wire chamber for measurements

% 2nd Magnetic septum (extraction septum)
= Qutside vacuum (thick blade)

= Fourturn coil pulsed up.to 1600 A.
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Prépara‘rion' for Slow Extraction (1)

% The 8-loop goes to O A, Pole Face Winding D and I gener'a‘re
t  The correct horizontal tune: Qh = 6.2
.= The correct horizontal chromaticity £h =- 0.9
¥ Switch on the slow extraction elements:
# Quadrupoles
n Add.0.13 to the horlzon’ral tune to make Qh =.6.33
= Increase 3
= Create low dispersion at electrostatic septum (SEH23)
= Create big positive dispersion at 15" magnetic sep‘rum (SMH57) -
- Sextupoles
' » ‘Add 0.4 to the horizontal chroma’rici’ry tomake th =- 0.5
= Control the 'stability. triangle’ size and the ‘spiral pitch’
= Bumps
n. To approach the beam towards the different septa
= Septa
* The electrostatic septum is always on
= The two magne‘rlc septaare only pulsed during ex‘rrac’rnon
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(Prepara’rion for Slow Extraction (2)

% Put the beam on the mgh‘r orbit using an offse’r in the
radial loop. '

% Perform a bunch rotation (jump to and from the
unstable phase)

& Switch off the RF voltage at maximum dp/p
¥ Let the beam de-bunch - |

% The slope on the magnetic field of the main magnets
will push the beam through the resonance.

. % Particleswith large betatron amplitude will be
extracted. - -
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. RF preparation (bunch rotation) -
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Optics and Septa, source of losses

Electrostatic Septum 23

The electrostatic septum kicks.
a part of the beam and creates
the space for the 1st magnetic

septum. '

Low momentum
particle

!

high momentum

P (34 sections) = 45°

Cathode Anode

Extraction Magnetic Septum 57

Optimum situation obtained by
changing the dispersion coefficients

at SES23 ahd SMH57. This is'done
using the 2 quadrupoles.

Septum blade

Dispersion at 23 small and posi’ri\}e
Dispersion at 57 Big and positive.
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How the Slow extraction is controlled

% There is no feed back system for the PS slow extraction in
‘order to control or shape the spill. |

« - All adjustments-are made manually using a few software
applications written by the operators.
= Tune, chromaticity and bump amplitude control
= Radial position control = ..
& . Different measurement devices are available to measure the
properties of the circulating beam -
- 7 Bunch shape measurement (dp/p; bunch leng’rh L)
" Wire scanners (horizontal vertical emittance) |
= Horizontal and vertical fune measurement
+ Orbit /.trajectory measurement

# The beam steering in the Transfer lines is done using
| scm’rella’ror' screens.
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| The spill control application
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setf
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The diagnostics before extraction
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( The diagnostics after extraction

% The beam spill intensity is measured using
secondary. emission chambers and photo multipliers.

% This provides an integrated value, but also the spill
shape as a function of time. |

% Scintellator screens

# The 'Centroid’ beam position detector (only in
combination with a target)

R. Steerenberg, 10th ICFA mini workshop on
15 Ocober 2002 Slow Extraction 2002 15



( Sources of ripple on the 3pi||

# Two basic frequencies are involved:
749 Hz (and its harmonics) |

= from the Main Power Supply

= The MPS is a motor generator set

=During 'flat top" motor decelerates slightly |
(frequency and phase are not constant)

= 50 Hz (and its harmonics)
=.Pole face winding power supplies
* Quadrupole power supplies
= Sextupole power supplies

R. Steerenberg, 10th ICFA mini workshop on
15 Ocober 2002 Slow Extraction 2002 16



' Sources of ripple schematically
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( Feed forWard

% Modulate the betatron tune using air .QUadr'upoles.' .

% The spill measurement contains all the information
on the frequency components responsible for the

ripple. - | |
% A LabView application acquires the spill signal,
calculates the frequency components .and their
~amplitude and generates a function that-is
programmed into a function generator.

¥ The function generator drives an amplifier which'is
connected to the air quadrupole.
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(x The Air Quad rupole
:x Ther'e are 2 air quadrupoles ms’ralled in the PS
machine ¢ - ~ -
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( Ripple compensation measured
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EmpTy Bucket Channel ing'

Resonanceline
for low betatron

tarara

PHAgE T

Amplituge

-« Has been ’res’red successfully in the PS machine usmg
the 200 Mhz fixed frequency cavities.

¥ The cavities have a very narrow bandwidth and are
adjusted for other purposes.

& This is the reason why bucket channelmg is not
operational for the PS machine.
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Recent developments

¥ Dual operation on the slow extraction cycle
-+ High intensity (4*10'2) bunch ejected to nTOF facuh‘ry
- Low intensity (2*10!! - 4*10!!) bunch slowly extracted
= More sensitive to instabilities due to different behavior
= Extra RF gymnastics for multiple bunch rotations

# Slow extraction at 20 GeV/c (instead of 24GeV/c)
= Longer beam spills possible (up to 700-ms).
~# Larger physical beam size, more losses at extraction
= Beam passes slower through the resonance, so more
sensitive o ripple.
% Fast extraction using the 39 order resonance.
+ Needed for special test in.irradiation facility
= Kick the beam on the separatrix using-a fast kicker
-+ Beam will eject in 3 turns.
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( Some references

# Beam op’rlcs at resonant extraction sep’ra
 # C. Steinbach, CERN/PS 92-22 (OP)

% The new slow extraction system of the CERN PS
= C. Steinbach, H. Stucki, M. Thivent, CERN/PS 93-28 (OP)

% Empty bucket channeling
= R. Cappi; C. _S‘rembach, PAC 1_981
- M. Cresenti; CERN/PS 97-68 (DI)
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( The slow extraction animated
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